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and show- four chief characteristics: There is first a steep thermal tail at very low 
energies (<2eV), only the lower parts of which are seen in these particular spectra. 

Second is the valley-like structure between 2-5 e\Uca used by energy loss due to 
resonant vibrational excitation of Ng by electron impact --the so-callea nitrogen 
bite-out,. It should be noted, for later reference, that this feature diminishes in 
the ambient spectra as altitude increases toward 200 km and disappears above this, 
well below shuttle altitude. Third, in the 20-30 eV region for daytime spectra 
only, there are several closely spaced peaks due to photoionization of N? and 0 
by the intense solar He II line at 304A; this structure is shown here as combined 
by the limited analyzer resolution to form one broadened peak. And fourth, there 
is a rapid quantitative decrease in photoelectrons above about 55 eV due to a 
pronounced decrease in the solar euv flux at higher energies (wavelengths less 
than about 170A). 

MEASUREMENTS 

The shuttle spectra showed departures from the ambient characteristics noted 
above, some of which were expected and some of which were not. Figure 2 shows a i 

typical spectrum which is actually the average of all spectra obtained during this 
particular data acquisition period. In common with ambient spectra * a thermal tail 
below 2 eV is seen, as was expected. There is no apparent structure in the 2-5 or 
20-30 eV regions which was not unexpected. What was quite unexpected, however, is 
the continued relatively flat distribution of electrons having energies greater 
than 50 eV, out to the highest energy measured (100 eV). This was the most striking t 

characteristic of these measurements; it was present in every spectrum taken during 
the flight. The source of these higher energy electrons is, as yet, unexplained. ' 

But it clearly Indicates the need for one experimental change for the next flight: ! 

that is to extend the energy range coverage out to 500 or 1000 eV to see where, or 
if, the expected shoulder can be found. Figure 3 shows three individual Spectra 
obtained in this Same measurement period during which the vehicle went from daylight i 

to darkness. As shown, the quantitative electron flux decreases significantly at 
night, clearly Suggesting that locally generated solar photoelectrons contribute in 
large measure to the daytime electron environment of the shuttle. Two of these 
spectra also show considerable scatter or data point excursions. In an attempt to 
correlate this scatter with other vehicle events, periods of thruster firing are 
shown, although this cannot be considered a direct source of electrons in the energy 
range shown here. It should be noted that thruster firings mentioned herein refer 
to all cases to the verniers. There was very little firing of the primary thrusters 
during an* of these data acquisition periods, and what little there was appeared to | 

have no effect on the data. Thruster operation involves a hypergolic reaction i 

between monomethyl hydrazine (MMH) and nitrogen tetroxide (N 2O4) and while this 1 

generates what might be called a hot plasma, it cannot directly contribute electrons 
haying energies much greater than about 2 eV. Some subsequent accelerating mech- ’ 

anism would clearly be required if thruster activity is to be associated with these 
flux excursions. 

Thruster firings occur for a minimum of 30 msec, although in many cases one or 
more were active for considerably longer periods of time. But this points up 1 

another way in which the experiment should be changed for a subsequent flight: The 
present scan timing sequence (lsec/step, 64sec/scan) is simply too long to observe, 
over the better part of a spectrum, any short term phenomenon which may have oc- 
curred. Very short term phenomenon could therefore appear as the excursion of a 
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single data point, or a few consecutive points, which may account for the apparent 
scatter effect, for the present data to be associated- with thruster firing, 
however, requires that some sort of delayed- reaction or response tune be inferred 
-a seemingly plausible concept. But- the apparent response time involved is. not 
manifested in any constant manner. The topmost spectrum of figure 3, for example, 
shows a-sharp drop in flux levels approximately 2 seconds after thruster firing 
ceased while the middle spectrum, shows a delay of 13-14 seconds before a similar 
response is observed. Additional illustration of this is seen in figure 4 which 
shows three individual spectra taken during a common nighttime period. The lowest 
spectrum shown (C) was completely free of thruster firing during its measurement 
and for a period of 15 minutes prior to that. The topmost spectrum (A) was taken 
following a period of moderate thruster activity and. in one during which there was 
nearly continuous firing of all six vernier thrusters. The middle spectrum (B) was 
taken immediately following this but represents a largely thruster-free measure- 
ment; firing occurred during the very early (low energy) segment of this spectrum 
and then ceased for all data points taken above 3.4 eV. This spectrum seems to 
indicate a tendency to return to the normal lower nighttime flux levels, but has 
not reached this point some 50 seconds after thruster firing ceased. These ap- 
parent variations in response time, therefore, tend to obscure the possible 
association of thruster firings with data perturbations. 

An enhanced view of the steep thermal tail below 2 eV is seen in the spectrum 
of figure 5. This suggests that the generally negative (1-3 volts) vehicle pot- 
ential had decreased or gone positive at this time, allowing more of the very low 

energy electrons to enter the analyzer, thu„ allowing more of this tail to be 
observed. This is supported by independent measurements from a companion experi- 
ment (ref. 2), the data from which indicates a vehicle potential of about +0.8 
volts at the time this spectrum was taken — 

That th'uster firings may contribute to higher flux levels is consistent with 
the data shown next in figure 6. This relates to a 35 second orbital maneuvering 
system (OMS) burn which occurred during this period. The OMS employs the same 
hypergolic reeaction as described for the thrusters except that each of the two 
engines in this system generates 6000 pounds of thrust as compared to only 24 
pounds for each of the vernier thrusters. This figure shows two typical individual 
spectra, the lower of which was taken prior to the OMS burn, and the upper taken 
during and immediately after the burn. Only a little over two minutes separated 
these individual spectra in time and yet a difference of an order of magnitude Or 
more is seen in the flux levels. 

A substantial number of spectra were obtained while the shuttle was in a 
bottomto-th e-sun attitude and while these were almost exclusively daytime data, 
their flux levels were among the lowest of the flight. Typically, these spectra 
were indistinguishable from nighttime measurements. It seems likely that the term 
"bottom- to- the- Sun" can explain these low fluxes: There was almost certainly large 
numbers of solar photoelectrons being generated at the sunlit bottom surfaces of 
the wings and fuselage during these periods. The subsequent trajectories of these 
electrons would largely be governed, exclusive of collision processes, by the geo- 
magnetic field lines. And no matter what the orientation of these lines, it seem 
unlikely that many of these electrons could migrate into the shuttle bay area and 
enter the acceptance cone of the analyzer. 


Jiff? little or no thruster activity during all measurements of this mode and 
there _was very U tt 1 e variation between individual spectra obtained during these 
’ f bl V S agaui consistent with the possible correlation data perturbations 
and thruster firing. There was a passage from day to night in the 10 minute bottom- 
to-the-sun run illustrated in figure 7 which did not appear to have any effect oo 
spectra except at very low energies. This is an- averaged spectrum but it verv 
closely represents all those obtained* both day and night, except for the 1-3 eV 
nnll^r ^!ii an enhanced view, of the thermal tail again appears. The- maximum dat*- 

cnlrti' f ° r th J S ? ai J * a * s 3 factor °f 2 or more higher than shown in this averaged 
spectrum, and- was fairly constant in the daytime spectra, following eclipse 

this dropped immediately by a factor of 8 to 10 and remained quite constant in all 
?l? ht spectra * This again suggests a diminished vehicle potential and, 

supported by the independent measurements of referenced. It also 
indicate 5 the influence of daytime solar photoelectrons on the low enerqv (1-3 
eV) region of these spectra but not elsewhere which, in turn, indicates the 

the sunlit°sidP 1,1 LZL ° f th ® se e1tctrons must have come from 

ftf fh . . e * also that the data points in the extreme low energy region 

effect ohSrl 0 H m ^ r tn e ?h to be reduced substantially below the maximum point,' an 
tl u n j al . the | pectr ? of this run. This was due, almost certainly, 

geomagnetic shadowing. The orientatin of the geomagnetic field lines throughout 

the MJht a AnH°rt ard th j af *V quarter and downward with respect to the vehicle, or to 
that loml til downward with respect to the analyzer look direction. This means 

ab(MJt flfr1d lines in tra J ec tories that would nor- 
mal.y bring them within the acceptance cone of the analyzer could, in some cases 
be intercepted by vehicle or payload components and thus be lost to collection. * 
nf tl^r c h ne * 9y ? 1ectrons ar ; e most vulnerable to such- shadowing effects because 

?! ijfrf ^ te u Lannor radn * In the case Gf the hi 9h termal tail seen earlier 
which no such effect was observed, the field lines were oriented to the left 

the ^electron ^aths^ 6 ’ WhePe 00 vehic1e or pa y 1oad components existed to obstruct 

K rt *^ ig . Ure .? shows a ? pectrum typical of all those obtained durinq two of these 
werl* P e r iods * ^ese were daytime measurements during which there 
Note thp t JrnJ er i . f J rin . 9S a " d virtually no difference between individual spectra. 

in an snIrtr/'of , e h Str[ i ct{ire in the 2 " 4 *V region. This feature was present 
in an spectra of these two consecutive runs and is strongly suqqestive of the 

ed elmerTs a^hi^lp" * 08 1 mechani srn ( the nitrogen bite-out) mention- 

hP f™!-? a * characteristic of ambient spectra below 200 km. This would not 

if appear ln amblent spectra at the shuttle altitude (300 km). But 

L ’ r ^ were present, the mechanism that produces this structural 

ooss?b?v S S N? fr0in the "W2«4 thruster reaction might 

fhioiff! k provided this. The question of why this feature was seen only in 
these data, but seen consistently throughout them, has no immediate answer. 

SUMMARY/CONCLUSIONS 

ativeW°n^ of these measurements is the rel- 

entlv obJrJprf P h.?f r distribution of higher energy electrons which was consist- 
ciaHna b nf,^1^4 T"! esse " tia11 y unexplained. And while the data asso- 
n t1Ve ® 1ect f on flux excursions with thruster and 0MS firings can 

alone TSp lfr^ 351 ''®’ U ^ anr ) 0t be cons1d ered conclusive based on these data 

alone. The data do seem conclusive in indicating that locally generated solar 
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the sKilttfr fith! r K C e substantially to the daytime electron environment of 
sDectJfai™ lS thf c VCd ^partures from the general. characteristics of these 
the,nse, y es t0 explanations as, for. example, geomagnetic shadowino 

steen thermal 6 * 01 ^ n ? ec ^ an ^ s f'* the- occasional enhanced observations of tb® 
steep thermal tail is probably explained by departures in vehical potential leueie 

^IbS SLiTnii* h ,° wever ‘ Vf 1 » W of P this expert ment ^modff fed 'as* ea rli e r 
described, should provide very useful addicionaJ-data and, possibly, some answers— 
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minimal contamination, for comparison 
with shuttle measurements. 
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40.8 volts at the time this spectrum 
was taken. 







n *o i ,oi /n ,o» «oi 
CA3-aS-2**W0-03S/SN0ai0313) XOU 3AliV13a 


(0 (0 
pH O 

gxl 

-u cd 
a 9 h 
0} & • 
o.*h c 
w > w 

*H 

> 

<u a ca 
*c 
<u o 

§ 


— cc 
m x 
a: h- 

o 



0 


imum point of which was seen to drop 
rapidly following eclipse. The effect 
of geomagnetic shadowing is also seen in 
the extreme low energy region. 




